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In cold nuclear matter, the shifts in the mass and current-meson coupling as well the vector
self energy of the exotic X(3872) are calculated using the diquark-antidiquark current within the
framework of the in-medium two-point QCD sum rule. At the rest frame of the medium, the three
momentum of the considered particle is fixed to remove the contributions of the particles with
negative energy. In the calculations, we include the in-medium condensates of quark-quark, gluon-
gluon and quark-gluon. It is observed that, the shift due to the nuclear matter is negative and is
about 25% when the saturation density is used. Such shift is considerably large and comparable with
the nucleon’ mass shift due to the nuclear medium. The negative shift in the current-meson coupling
due to nuclear matter is approximately 10%. At the saturation density, the vector self energy of
the exotic X(3872) state is found to be Συ = 1.31 GeV. It is shown that the mass, current-meson
coupling and vector self energy of X(3872) strongly depend on the density of cold nuclear matter.
I. INTRODUCTION
In recent years, the new hadronic states such as meson-
meson, meson-baryon and baryon-baryon molecules,
tetraquarks, pentaquarks, hybrids and glueballs have
been in the focus of much attention. These exotic
states can not be considered as the usual quark-antiquark
or three-quark form of the well-known hadronic spec-
troscopy. Both the quark model and QCD do not exclude
the existence of such states. Hence, the investigation of
such states can play essential role in understanding of
their structures and gaining useful knowledge on the per-
turbative and non-perturbative natures of QCD.
Among the exotic states, the tetraquark state X(3872)
is one of the most interesting particles. Firstly, the
Belle Collaboration [1] detected X(3872) as a narrow
charmonium-like state produced in the exclusive de-
cay process B± → K±π+π−J/ψ, which decays into
π+π−J/ψ, with a mass of mX = 3872.0 ± 0.6(stat)
±0.5(syst) MeV. It was confirmed later in some other
experiments: CDF II Collaboration [2] via p¯p collisions
with mX = 3871.3± 0.7(stat) ±0.4(syst) MeV, D0 Col-
laboration [3] again in p¯p collisions with the mass differ-
ence between the X(3872) state and J/ψ as 774.9± 3.1
(stat)±3.0 (syst) MeV and BABAR detector [4] at the
PEP-II e+e− asymmetric-energy storage ring with the
mass 3873.4 ± 1.4 MeV. Belle Collaboration also as-
signed the quantum numbers of X(3872) as JPC = 1++
[5]. The decay width of X(3872) state was estimated as
ΓX(3872) < 1.2 MeV [6, 7].
Following the discovery of X(3872) both the theoreti-
cal and experimental researches on the non-conventional
particles gained an acceleration. Such that, many
tetraquark and pentaquark states have been discovered
in the experiments and a rush of theoretical papers on the
structures of the discovered and possible exotic particles
appeared. Despite a lot of theoretical and experimen-
tal studies; the structure, nature and quark organisation
of the newly founded states have not been understood
exactly, yet. There are a lot of suggestions on the na-
ture of the exotic X(3872) states, for instance, see Refs.
[8–38]. In Ref. [28], for example, it is assumed as a
diquark-antidiquark states with hidden or open charm of
the forms: [cq][c¯q¯′] and [cq][s¯q¯′] with q, q′ = u, d. In Ref.
[29], it was suggested that it might be a JPC = 1++
cusp due to the DD¯∗ threshold. The author in Ref. [30]
presented a study on the possibility ofX(3872) to be con-
sidered as a hybrid state of cc¯g. In another study, Ref.
[31], it is proposed that X(3872) can be a vector glueball
mixed with neighbouring vector states of charmonium.
Despite a lot of studies on the structure of X(3872), it’
nature remains unclear and needs to be investigated fur-
ther.
Almost all studies on the properties of X(3872) and
other exotic states have been performed in vacuum and
there is almost no study on the in-medium properties of
non-conventional particles, except Ref. [39] which inves-
tigates the thermal properties of X(3872). Investigation
of the in-medium properties of exotic states, besides the
standard hadrons, can play crusial role in the analysing of
the results of the heavy-ion collision experiments. Many
experimental collaborations, such as PANDA, CBM at
FAIR and NICA are planning to study the in-medium
properties of hadrons including the newly discovered non-
conventional states [40–47]. For instance, PANDA have
focused on the search of the not-yet discovered glueballs
and on the already discovered but not-yet understood
X,Y, Z states, [40]. Therefore investigation of exotic par-
ticles in medium becomes an attractive and exciting sub-
ject.
In the present study, we are going to evaluate the spec-
troscopic parameters such as the mass, current-meson
coupling constant and vector self energy of the exotic
X(3872) at cold nuclear medium within the in-medium
two-point QCD sum rule method and considering a
diquark-antidiquark picture for this particle. We will
look for the shifts on the quantities under consideration
2due to the nuclear matter at a saturation density. We
will discuss the variations of parameters of X(3872) with
respect to the variations of the density, as well.
This work is organised in the following way. In sec-
tion II, the in-medium QCD sum rules for the mass and
current-meson coupling of the exotic X(3872) (in what
follows denoted as X) are obtained. In section III, the
numerical analysis of the obtained in-medium sum rules
are performed. We investigate the variations of the quan-
tities with respect to the variations of the density and
calculate the shifts on the quantities under consideration
due to the nuclear matter in this section. The last section
includes our concluding remarks.
II. IN-MEDIUM QCD SUM RULES FOR THE
SPECTROSCOPIC PROPERTIES OF THE
EXOTIC X(3872)
In the framework of the QCD sum rules, for the calcu-
lation of the mass and current coupling constant of X , we
start with the following in-medium two-point correlation
function:
Πµν(p) = i
∫
d4xeip·x〈ψ0|T [ηµ(x)η†ν (0)]|ψ0〉, (1)
where p is the four momentum of X , |ψ0〉 is the parity
and time-reversal symmetric ground state of the nuclear
matter and ηµ(x) is the interpolating current of X . In
diquark-antidiquark model, the interpolating current of
X with the quantum numbers JPC = 1++ is written as
[36]
ηµ(x) =
iǫabcǫdec√
2
{[
qTa (x)Cγ5cb(x)
][
q¯d(x)γµCc¯
T
e (x)
]
+
[
qTa (x)Cγµcb(x)
][
q¯d(x)γ5Cc¯
T
e (x)
]}
, (2)
where a, b, c, d and e are color indices, q represents u
or d light quark and C is the charge conjugation ma-
trix. To obtain the QCD sum rules for the mass and
current coupling constant of X , the aforementioned cor-
relation function is calculated in two different representa-
tions: hadronic (Had) and QCD with the help of operator
product expansion (OPE). These two representations are
equated through a dispersion relation to get the desired
sum rules. To suppress the contributions of the higher
states and continuum, a Borel transformation as well as
continuum subtraction are applied to both sides of the
obtained sum rules.
A. Hadronic Representation
In the hadronic side, the correlation function is ob-
tained in terms of the hadronic degrees of freedom. By
performing integration over four-x, we get
ΠHadµν (p) = −
〈ψ0|ηµ|X(p)〉〈X(p)|η†ν |ψ0〉
p∗2 −m∗2X
+ ..., (3)
where p∗ is the in-medium momentum, m∗X is the modi-
fied mass of the X state due to the cold nuclear medium
and ... is used for contributions of the higher resonances
and continuum. The decay constant or current-meson
coupling is defined through the following matrix element
in terms of the polarisation vector εµ of X state:
〈ψ0|ηµ|X(p)〉 = f∗Xm∗Xεµ, (4)
where f∗X is the in-medium current coupling constant of
the X state. After inserting Eq. (4) into Eq. (3), the
hadronic side of the correlation function is obtained as
ΠHadµν (p) = −
m∗2X f
∗2
X
p∗2 −m∗2X
[
− gµν +
p∗µp
∗
ν
m∗2X
]
, (5)
where the summation over spins of the Dirac spinors has
been applied. To proceed, the in-medium momentum
is represented in terms of the self energy Σµ,ν as p
∗
µ =
pµ − Σµ,v. The self-energy Σµ,v has an explicit form
Σµ,v = Σvuµ +Σ
′
vpµ, (6)
where Σv is the vector self energy of X and uµ is the four
velocity of the nuclear medium. In mean-field approxi-
mation, the momentum independent scalar and vector
self energies are taken to be real and the Σ′ν is identi-
cally zero [48, 49]. In this context, particles of any three-
momentum appear as stable quasi-particles with self en-
ergies that are roughly linear in the density up to nuclear
matter density [49, 50]. The calculations are performed in
the rest frame of the nuclear medium, i.e. uµ = (1, 0) and
at fixed three-momentum of X state, |~p| = 0.27 GeV (i.e.
approximately the Fermi momentum). Note that in the
vacuum, where the invariant functions depend only on p2
the separation of p0 and ~p dependence is not necessary.
At finite density, however, we will keep the dispersion
relations as integrals over p0 with the three-momentum
held fixed. This provides a clean identification of the
intermediate quasiparticles. By this way, the contribu-
tions coming from the negative energy quasiparticles is
clearly separated, which lets us isolate the contributions
of the positive energy quasiparticles by adopting an ap-
propriate weighting function. After the replacement of
the in-medium momentum in Eq. (5), the hadronic side
becomes,
ΠHadµν (p) = −
m∗2X f
∗2
X
(p2 − 2Συp0 +Σ2υ)−m∗2X
[
− gµν
+
pµpν − Συpµuν − Συpνuµ +Σ2υuµuν
m∗2X
]
,
(7)
where p0 = p ·u is the energy of the quasi-particle. Using
the positive energy pole Ep = Σv +
√
|~p|2 +m∗2X and the
3negative energy pole E¯p = Σv −
√
|~p|2 +m∗2X , we get
ΠHadµν (p) = −
m∗2X f
∗2
X
(p0 − Ep)(p0 − E¯p)
[
− gµν
+
pµpν − Συpµuν − Συpνuµ +Σ2υuµuν
m∗2X
]
.
(8)
In terms of spectral densities, the hadronic correlation
function can be written in an integral form as
ΠHadµν (p0, ~p) =
1
2πi
∫ ∞
−∞
dω
∆ρHadµν (ω, ~p)
ω − p0 , (9)
where the spectral densities ∆ρHadµν (ω, ~p) which are de-
fined as
∆ρHadµν (ω, ~p) = Limǫ→0+
[
ΠHadµν (ω+iǫ, ~p)−ΠHadµν (ω−iǫ, ~p)
]
,
(10)
are obtained in the following form:
∆ρHadµν (ω, ~p) =
m∗2X f
∗2
X
2
√
|~p|2 +m∗2X
[
− gµν
+
pµpν − Συpµuν − Συpνuµ + Σ2υuµuν
m∗2X
]
×
[
δ(ω − Ep)− δ(ω − E¯p)
]
.
(11)
It is necessary to remove the negative-energy pole con-
tribution. For this purpose the correlation function is
multiplied by the weight function (ω − E¯p)e
−ω2
M2 and the
integral over ω is performed from −ω0 to ω0,
ΠHadµν (p0, ~p) =
∫ ω0
−ω0
dω∆ρHadµν (ω, ~p)(ω − E¯p)e−
ω2
M2 . (12)
Here, M2 is the Borel mass parameter and ω0 is the
threshold parameter of the subtraction. These param-
eters will be fixed in numerical analyses. As a result
of these calculations, the final form of the hadronic side
of correlation function is obtained in terms of the corre-
sponding structures as
ΠHadµν (p0, ~p) = m
∗2
X f
∗2
X e
−
E2p
M2
[
− gµν
+
pµpν − Συpµuν − Συpνuµ +Σ2υuµuν
m∗2X
]
.
(13)
B. OPE Representation
The correlation function in QCD side is calculated in
terms of QCD degrees of freedom in deep Euclidean re-
gion by the help of the operator product expansion. We
can decompose the correlation function in QCD side in
terms of different structures as
ΠOPEµν (p0, ~p) = Π
OPE
1 gµν +Π
OPE
2 pµpν +Π
OPE
3 pµuν
+ ΠOPE4 pνuµ +Π
OPE
5 uµuν . (14)
The coefficient of each structure can be represented in
terms of the corresponding spectral density as
ΠOPEi (p0, ~p) =
1
2πi
∫ ∞
−∞
dω
∆ρOPEi (ω, ~p)
ω − p0 , (15)
where ∆ρOPEi (ω, ~p) are the imaginary parts of the cor-
relation functions ΠOPEi (p0, ~p). For the calculation of
spectral densities, the explicit form of the interpolating
current is substituted into the correlation function in Eq.
(1) and all quark pairs are contracted by applying the
Wick’s theorem. As a result, we get
ΠOPEµν (p) = −
i
2
εabcεa′b′c′εdecεd′e′c′
×
∫
d4xeipx〈ψ0|
{
Tr
[
γ5S˜
aa′
q (x)γ5S
bb′
c (x)
]
× Tr
[
γµS˜
ee′
c (−x)γνSdd
′
q (−x)
]
+ Tr
[
[γµS˜
ee′
c (−x)
× γ5Sdd
′
q (−x)
]
Tr
[
γν S˜
aa′
q (x)γ5S
bb′
c (x)
]
+ Tr
[
γ5S˜
aa′
q (x)γµS
bb′
c (x)
]
Tr
[
γ5S˜
ee′
c (−x)γνSdd
′
q (−x)
]
+ Tr
[
γν S˜
aa′
q (x)γµS
bb′
c (x)
]
× Tr
[
γ5S˜
ee′
c (−x)γ5Sdd
′
q (−x)
]}
|ψ0〉,
(16)
in terms of the light and heavy quark propagators. The
abbreviation S˜q(c) = CS
T
q(c)C has been used in the above
equation. The light and heavy quark propagators in co-
ordinate space and in the fixed point gauge are written
in mq → 0 limit as
Sijq (x) =
i
2π2
δij
1
(x2)2
6x + χiq(x)χ¯jq(0)
− igs
32π2
F ijµν(0)
1
x2
[ 6xσµν + σµν 6x] + · · · , (17)
and
Sijc (x) =
i
(2π)4
∫
d4ke−ik·x
{
δij
6k −mc
−gsF
ij
µν(0)
4
σµν(6k +mc) + (6k +mc)σµν
(k2 −m2c)2
+
π2
3
〈αsGG
π
〉δijmc k
2 +mc 6k
(k2 −m2c)4
+ · · ·
}
,
(18)
where χiq and χ¯
j
q are the Grassmann background quark
fields. We use the short-hand notation
F ijµν = F
A
µνt
ij,A, A = 1, 2, ..., 8, (19)
4where, FAµν are classical background gluon fields, and
tij,A = λ
ij,A
2 with λ
ij,A being the standard Gell-Mann
matrices. Using Eqs. (17) and (18) in Eq. (16), we get
the products of the Grassmann background quark fields
and classical background gluon fields which correspond
to the ground-state matrix elements of the correspond-
ing quark and gluon operators [49, 51],
χqaα(x)χ¯
q
bβ(0) = 〈qaα(x)q¯bβ(0)〉ρN ,
FAκλF
B
µν = 〈GAκλGBµν〉ρN ,
χqaαχ¯
q
bβF
A
µν = 〈qaαq¯bβGAµν〉ρN ,
and
χqaαχ¯
q
bβχ
q
cγχ¯
q
dδ = 〈qaαq¯bβqcγ q¯dδ〉ρN , (20)
where ρN is the nuclear matter density.
To proceed; the quark, gluon and mixed condensates
are needed to be defined in nuclear matter. The matrix
element 〈qaα(x)q¯bβ(0)〉ρN can be parameterized as [49]
〈qaα(x)q¯bβ(0)〉ρN = −
δab
12
[(
〈q¯q〉ρN + xµ〈q¯Dµq〉ρN
+
1
2
xµxν〈q¯DµDνq〉ρN + ...
)
δαβ
+
(
〈q¯γλq〉ρN + xµ〈q¯γλDµq〉ρN
+
1
2
xµxν〈q¯γλDµDνq〉ρN + ...
)
γλαβ
]
.
(21)
The quark-gluon mixed condensate can also be defined
as
〈gsqaαq¯bβGAµν〉ρN
= − t
A
ab
96
{
〈gsq¯σ ·Gq〉ρN
[
σµν + i(uµγν − uνγµ) 6u
]
αβ
+〈gsq¯ 6uσ ·Gq〉ρN
[
σµν 6u + i(uµγν − uνγµ)
]
αβ
−4
(
〈q¯u ·Du ·Dq〉ρN + imq〈q¯ 6uu ·Dq〉ρN
)
×
[
σµν + 2i(uµγν − uνγµ) 6u
]
αβ
}
,
(22)
where Dµ =
1
2 (γµ 6D+ 6Dγµ) is the four-derivative. The
matrix element of the four-dimension gluon condensate
can also be parametrized as
〈GAκλGBµν〉ρN =
δAB
96
[
〈G2〉ρN (gκµgλν − gκνgλµ)
+ O(〈E2 +B2〉ρN )
]
, (23)
where the last term in this equation has a negligible con-
tribution, so it can be ignored safely. The different oper-
ators in Eqs. (20-22) are defined as [49, 52]:
〈q¯γµq〉ρN = 〈q¯ 6uq〉ρNuµ,
〈q¯Dµq〉ρN = 〈q¯u ·Dq〉ρNuµ = −imq〈q¯ 6uq〉ρNuµ,
〈q¯γµDνq〉ρN =
4
3
〈q¯ 6uu ·Dq〉ρN (uµuν −
1
4
gµν)
+
i
3
mq〈q¯q〉ρN (uµuν − gµν),
〈q¯DµDνq〉ρN =
4
3
〈q¯u ·Du ·Dq〉ρN (uµuν −
1
4
gµν)
− 1
6
〈gsq¯σ ·Gq〉ρN (uµuν − gµν),
〈q¯γλDµDνq〉ρN = 2〈q¯ 6uu ·Du ·Dq〉ρN[
uλuµuν − 1
6
(uλgµν + uµgλν + uνgλµ)
]
−1
6
〈gsq¯ 6uσ ·Gq〉ρN (uλuµuν − uλgµν),
(24)
where, in their derivations, the equation of motion has
been used and the terms O(m2q) have been neglected due
to their ignorable contributions [49].
After using the above in-medium operators, the cor-
relation function in the coordinate space is derived. In
order to transfer the calculations to momentum space,
we use
1
(x2)m
=
∫
dDk
(2π)D
e−ik·xi(−1)m+12D−2mπD/2
× Γ[D/2−m]
Γ[m]
(
− 1
k2
)D/2−m
, (25)
and replace xν by i
∂
∂pν
. The following formula is used to
perform the resultant four-integrals:∫
d4ℓ
(ℓ2)m
(ℓ2 +∆)n
=
iπ2(−1)m−nΓ[m+ 2]Γ[n−m− 2]
Γ[2]Γ[n](−∆)n−m−2 .
(26)
By the help of the following relation, we extract the imag-
inary parts corresponding to different structures:
Γ
[D
2
− n
](
− 1
∆
)D/2−n
=
(−1)n−1
(n− 2)! (−∆)
n−2ln[−∆].
(27)
To get rid of the contributions of the negative energy
particles, the expressions in the OPE side are multiplied
5by the weight function (w − E¯p)e−
w2
M2 , as well and the
following integrals are performed over w:
ΠOPEi (w0, ~p) =
∫ w0
−w0
dw∆ρOPEi (w, ~p)(w − E¯p)e−
w2
M2 .
(28)
The obtained results are functions of w0 and M
2. Ap-
plying the continuum subtraction procedure (for details
see for instance [53]) with the aim of more suppression of
the contributions of the higher states and continuum we
obtain the following representation in the Borel scheme:
ΠOPEi (s
∗
0,M
2) =
∫ s∗0
4m2c
dsρOPEi (s)e
−s
M2 , (29)
where we have used w0 =
√
s∗0 with s
∗
0 being the con-
tinuum threshold in nuclear matter. Here, ρOPEi (s) are
the new spectral densities and they are given in terms of
the perturbative (pert), two-quark condensate, two-gluon
and mixed quark-gluon condensates parts as
ρOPE(s) = ρpert(s)+ρ〈qq¯〉ρN (s)+ρ〈GG〉ρN (s)+ρ〈qGq¯〉ρN (s).
(30)
As examples , we present the explicit forms of the above
spectral densities corresponding to the structure gµν in
Appendix.
After getting the hadronic and the OPE sides of the
correlation function and matching the coefficients of the
selected structures form both sides, the following sum
rules are obtained
−m2Xf∗2X e−
E2p
M2 = ΠOPE1 ,
f∗2X e
−
E2p
M2 = ΠOPE2 ,
−Συf∗2X e−
E2p
M2 = ΠOPE3 ,
−Συf∗2X e−
E2p
M2 = ΠOPE4 ,
Σ2νf
∗2
X e
−
E2p
M2 = ΠOPE5 , (31)
which will be used in our numerical calculations.
III. NUMERICAL ANALYSES
For the numerical analyses of the physical quantities
under consideration in nuclear matter and vacuum, we
need the value of the saturated nuclear matter density
and the in-medium and vacuum operators, whose numer-
ical values are presented in Table 1.
Besides these input parameters, the obtained QCD
sum rules are also functions of two auxiliary parameters:
the Borel mass parameterM2 and the continuum thresh-
old s∗0. The working intervals for these auxiliary param-
eters are found based on the standard prescriptions of
the method used. The standard criteria for the calcula-
tion of working intervals for these parameters are weak
Input Value Unit
ρsatN 0.11
3 GeV 3
〈q†q〉ρN 32ρN GeV 3
〈q¯q〉0 (−0.241)3 GeV 3
mq 0.00345 GeV
σN 0.059 GeV
〈q¯q〉ρN 〈q¯q〉0 + σN2mq ρN GeV
3
〈q†iD0q〉ρN 0.18ρN GeV 4〈
αs
pi
G2
〉
0
(0.33 ± 0.04)4ρN GeV 4〈
αs
pi
G2
〉
ρN
〈
αs
pi
G2
〉
0
− 0.65 GeV ρN GeV 4
〈q¯gsσGq〉0 0.8〈q¯q〉0 GeV 5
〈q¯gsσGq〉ρN 〈q¯gsσGq〉0 + 3GeV 2ρN GeV 5
〈q¯iD0iD0q〉ρN 0.3ρN − 18 〈q¯gsσGq〉ρN GeV 5
TABLE I: Numerical inputs [54–56].
dependence of the results on these parameters, achieving
to the maximum pole contributions (PC), convergence
of the series of the OPE and exceeding of the perturba-
tive parts over the non-perturbative contributions. As a
result, we get
3 GeV2 6 M2 6 5 GeV2, (32)
for M2 and
4.12 GeV2 6 s∗0 6 4.3
2 GeV2, (33)
for s∗0. Considering these intervals of the auxiliary param-
eters we plot the pole contribution versus M2 in figure
1 at different fixed values of the in-medium continuum
threshold. From this figure we extract the average value
FIG. 1: PC versus M2 at different fixed values of the in-
medium continuum threshold.
of PC which is 56% of the total contribution. This is a
good amount of pole contribution in a tetraquark chan-
nel.
Now, to see how the results vary with respect to the
Borel mass M2, in figure 2, we plot the ratio of the
6mass in nuclear matter to the mass in vacuum, m∗X/mX ,
(top-panel), the ratio of the vector self energy to vac-
uum mass, Συ/mX (mid-panel) and the ratio of the
in-medium current-meson coupling to it’ vacuum value,
f∗X/fX , (bottom-panel) versusM
2 for three different val-
ues of continuum threshold and at the saturated nuclear
matter density, ρsat = 0.113 GeV3. As is seen, the results
very weakly depend on the variations of the Borel param-
eter M2. We also see very small variations of the results
when we change the value of the in-medium threshold in
its working region. Obtained from our analyses, we find
an average %25 negative shift in the mass of X parti-
cle due to the cold nuclear medium when the saturation
density is used. The shift in the meson-current coupling
is about %10 and is negative. Such shifts in the mass
and residue of X are comparable with those of the nu-
cleon obtained in Ref. [51]. These considerable shifts in
the values of the parameters of X can be attributed to
its up/down quark content which strongly interacts with
the nucleons in the medium. We find the average value
of the vector self energy of X particle as Συ = 1.31 GeV
at saturation density, ρsatN = 0.11
3.
It is also possible to investigate the effects of nuclear
matter density to the shifts on the mass, vector self en-
ergy and the current-meson coupling. For this purpose,
in figure 3, we plot m∗X/mX (top-panel), Συ/mX (mid-
panel) and f∗X/fX (bottom-panel) versus ρN/ρ
sat
N at the
average value of the Borel parameter and at fixed values
of continuum thresholds. As is seen from these figures,
the ratios m∗X/mX , Συ/mX and f
∗
X/fX strongly depend
on the density. It is worth noting that the dependencies
of these ratios on the nuclear matter density are roughly
linear.
IV. CONCLUSION
In this study, we used the interpolating current in a
diquark-antidiquark form to investigate the spectroscopic
parameters of the famous X(3872) tetraquark in the cold
nuclear matter. This is the first attempt to calculate
the properties of non-conventional particles in nuclear
matter. The properties of standard hadrons in nuclear
medium were previously investigated extensively in the
literature (see for instance Refs. [49, 57–68] and refer-
ences theirin). We derived the in-medium sum rules to
evaluate the shifts in the mass and current-meson cou-
pling of the X(3872) as well as found its vector self
energy. The obtained results reveal that the mass of
X(3872) is considerably affected by the nuclear matter.
We found a negative 25% shift in its mass when the sat-
uration density was used. The shift in the current-meson
coupling is also negative and it is roughly 10% of its vac-
uum value. We found the vector self energy of X(3872)
at the saturated density to be Συ = 1.31 GeV. The order
of shifts in the mass and residue of this particle is compa-
rable with these of the nucleon investigated in Ref. [51].
We also investigated the dependence of the ratios
FIG. 2: m∗X/mX , Συ/mX and f
∗
X/fX as functions of M
2 at
the saturated nuclear matter density, ρsatN = 0.11
3 GeV3 and
at fixed values of the continuum threshold.
m∗X/mX , Συ/mX and f
∗
X/fX on the nuclear matter den-
sity. We observed that, although the dependencies are
linear the results strongly depend on the nuclear matter
density.
The results obtained in the present work may be used
in analyses of the heavy ion collision experiments as well
as those which are aiming to investigate the properties
of the standard and non-conventional hadrons in nuclear
medium such as PANDA Collaboration at FAIR.
Any experimental results on the in-medium properties
of X(3872) and comparison of those with the results of
the present study can increase our knowledge of the ex-
otic states and help us gain useful information on the not
well-known structures of the exotic states, specially the
7FIG. 3: m∗X/mX , Συ/mX and f
∗
X/fX versus ρ/ρ
sat
N at differ-
ent values of the threshold parameter s∗0 and average value of
M2.
newly discovered tetraquarks.
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Appendix: The spectral densities used in the
calculations
In this Appendix, we collect the spectral densities cor-
responding to the gµν structure used in the calculations:
ρpert(s) = − 1
3072π6
∫ 1
0
dz
∫ 1−z
0
dy
1
̺κ8
[
yz
[
(syz(y + z − 1)−m2c
[
(y3 + y2(2z − 1) + 2y(z − 1)z
+ (z − 1)z2
]]2[
3m4c
[
y3 + y2(2z − 1) + 2y(z − 1)z + (z − 1)z2
]2
− 26m2csyz
[
y4
+ y3(3z − 2) + y2(4z2 − 5z + 1) + yz(3z2 − 5z + 2) + (z − 1)2z2
]
+ 35s2y2z2
× (y + z − 1)2
]
Θ[L(s, z, y)],
(A.1)
8ρ〈qq¯〉ρN (s) =
1
4π4
∫ 1
0
dz
∫ 1−z
0
dy
{
mc(y + z)
4κ5
[
3m4c
[
y3 + y2(2z − 1) + 2y(z − 1)z
+ (z − 1)z2
]2
− 10m2csyz
[
y4 + y3(3z − 2) + y2(4z2 − 5z + 1) + yz(3z2 − 5z + 2)
+ (z − 1)2z2
]
+ 7s2y2z2(y + z − 1)2
]
〈u¯u〉ρN +
mqmc
√
s∗0yz̺(y + z)
κ5
[
5m2c(y
3
+ y2(2z − 1) + 2y(z − 1)z + (z − 1)z2)− 7syz(y + z − 1)
]
〈u†u〉ρN
}
Θ[L(s, z, y)], (A.2)
ρ〈GG〉ρN (s) =
1
96π4
∫ 1
0
dz
∫ 1−z
0
dy
{[
− imqmc
κ4
[
m2c
(
4y6z + y5(24z2 − 8z + 1) + y4(52z3 − 44z2
+ 6z − 1) + y3z(60z3 − 80z2 + 55z − 2) + y2z2(40z3 − 68z2 + 95z − 34)
+ 6yz3(2z3 − 4z2 + 13z − 11) + 33(z − 1)z4
)
+ yz(y + z − 1)
(
4s∗0
(
4y3z
+ y2(16z2 − 4z + 1) + 12y(z − 1)z2 + z2)− 3s(4y3z + y2(16z2 − 4z + 1)
+ 12y(z − 1)z2 + 17z2
))]]
]〈u†iD0u〉ρN +
1
1536(y− 1)̺2κ6
[
m4c(y − 1)
(
y2 + y(z − 1)
+ (z − 1)z
)2(
24y8z + 12y7(11z2 − 8z + 3) + 3y6(112z3 − 156z2 + 45z − 36)
+ 2y5(258z4 − 516z3 + 332z2 − 201z + 54) + y4(516z5 − 1320z4 + 1574z3 − 1198z2
+ 471z − 36) + y3z(336z5 − 1032z4 + 1707z3 − 1769z2 + 858z − 132) + y2z2(132z5 − 468z4
+ 1122z3 − 1253z2 + 807z − 180) + 4yz3(6z5 − 24z4 + 152z3 − 155z2 + 96z − 27) + 8z4(23z3
− 29z2 + 9z − 3)
)
−m2qs(y − 1)yz
(
24y10z + 12y9(13z2 − 12z + 3) + y8(492z3 − 852z2
− 89z − 180) + y7(984z4 − 2424z3 + 283z2 + 672z + 360) + y6(1368z5 − 4296z4 + 2149z3
+ 1121z2 − 270z − 360) + y5(1368z6 − 5160z5 + 4057z4 − 420z3 + 275z2 − 676z + 180)
+ y4(984z7 − 4296z6 + 4151z5 − 809z4 + 1804z3 − 1901z2 + 615z − 36) + y3z(492z7
− 2424z6 + 2485z5 + 834z4 + 43z3 − 2396z2 + 1098z − 132) + y2z2(156z7 − 852z6 + 898z5
+ 1887z4 − 2785z3 − 27z2 + 903z − 180) + 12y(z − 1)2z3(2z5 − 8z4 + 18z3 + 89z2
− 12z − 9) + 8(z − 1)3z4(23z2 + 30z + 3)
)
− 12syz2(y + z − 1)3
(
y5((17s+ 4)z − 4)
+ y4(5(3s+ 2)z2 − 2(17s+ 4)z + 2) + y3z(s(32z2 − 13z + 17) + 4(3z2 − 4z + 1))
+ 2y2z2(s(16z2 − 32z − 1) + 7z2 − 10z + 3)− 8y(z − 1)z3(4s− z + 1)
+ 2y6 + 4(z − 1)2z4
)]〈αs
π
G2
〉
ρN
}
Θ[L(s, z, y)],
(A.3)
9ρ〈qGq¯〉ρN (s) =
1
96π4
∫ 1
0
dz
∫ 1−z
0
dy
{[
− mc
κ6
×
[
m2c
(
4y6z + y5(24z2 − 8z + 1)
+ y4(52z3 − 44z2 − 2z − 1) + y3z(60z3 − 80z2 + 31z + 6) + y2z2(40z3 − 68z2
+ 71z − 18) + 2yz3(6z3 − 12z2 + 35z − 29) + 33(z − 1)z4
)(
y2 + y(z − 1) + (z − 1)z
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+ yz(y + z − 1)
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4s∗0(4y
9z + y8(28z2 − 16z + 1) + 3y7(28z3 − 36z2 + 25z − 1)
+ y6(160z4 − 300z3 + 371z2 − 169z + 3) + y5(208z5 − 508z4 + 838z3 − 694z2
+ 157z − 1) + y4z(192z5 − 564z4 + 1116z3 − 1276z2 + 567z − 51) + 2y3z2(62z5 − 210z4
+ 463z3 − 642z2 + 409z − 82) + y2(z − 1)2z3(52z3 − 92z2 + 239z − 164)
+ 3y(z − 1)3z4(4z2 − 4z + 17) + (z − 1)3z5)− s(12y9z + y8(84z2 − 48z + 3)
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4κ7
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+ 567z − 51) + 2y3z2(62z5 − 210z4 + 463z3 − 642z2 + 409z − 82)
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+ s(4y9z + y8(28z2 − 16z − 59) + y7(84z3 − 108z2 − 401z + 177) + y6(160z4 − 300z3
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+ y4z(192z5 − 564z4 − 2204z3 + 5368z2 − 3185z + 425) + 2y3z2(62z5 − 210z4
− 751z3 + 2380z2 − 1945z + 464) + y2(z − 1)2z3(52z3 − 92z2 − 861z + 760)
+ y(z − 1)3z4(12z2 − 12z − 173) + 25(z − 1)3z5)
)
−m2c(y2 + y(z − 1)
+ (z − 1)z)3
(
4y6z + y5(24z2 − 8z − 35) + y4(52z3 − 44z2 − 170z + 35) + y3z(60z3
− 80z2 − 353z + 174) + y2z2(40z3 − 68z2 − 301z + 234) + 2yz3(6z3 − 12z2 − 37z + 43)
+ 9(z − 1)z4
)]
〈u¯gsσGu〉ρN
}
Θ[L(s, z, y)],
(A.4)
where
̺ = (y + z − 1),
κ = (y2 + y(z − 1) + (z − 1)z),
L[s, y, z] =
((−1 + y)(−(syz(−1 + y + z)) +mc2(y3 + 2y(−1 + z)z + (−1 + z)z2 + y2(−1 + 2z))))
(y2 + y(−1 + z) + (−1 + z)z)2 , (A.5)
and Θ is the usual step function.
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